In this paper, we propose a position measurement system for a microrobot using moving landmarks. Laser line projectors, which convert a circular laser beam into a narrow line by optical lenses, are used for the position measurement. The projectors carried by linear stages are used as moving landmarks. Three moving landmarks are placed above the microrobot. Optical devices, which detect laser beams, are on the microrobot. The position of the moving landmark determines the position and orientation of the microrobot. Experimental results are described. Figure 1 shows the schematic diagram of the proposed system. A mobile robot is on a floor and three landmarks are above the robot. The line laser projectors are carried by linear stages. Three linear stages are arranged in an equilateral triangle. Three optical devices are on the robot. They are arranged on a small circle in every 120 degrees. The laser beams are applied to the center of the optical devices. When we use a position sensitive device (PSD), the beams are applied to the zero position of the PSD. If dual/quadrantelement photodiodes are used, the laser beams are applied to the ballanced position on the active area of the photodiodes.
We moved the microrobot in 8 mm × 8 mm area, and the position is measured every 2 mm in the x-and y-direction. We applied the laser beam to the center of the photodetectors, and obtained the positon of the robot. The results are plotted in Figure 2 . Reference positions are the intersection point of the graph. The experimental results are calibrated by the least square method. The error after the calibration The wide area measurement in 100 mm × 100 mm area is carried out. The results are shown in Figure 3 . Reference positions are (0 mm, 0 mm), (±50, 0) and (0, ±50). The error after the calibration is about 50 µm. Since the line laser beam is deflected by the optical system of the lasers, the position measurement error in the wide measurement area is about 50 µm. The measurement accuracy is improved by optimizing the optical system of the line laser projectors. • 30mm x, y, θ x Vol.42, No.4B, pp.2468 -2472 (2003 T. Ura and T. Maki: "Positioning and navigation of underwater vehicles", J. of the Japan Society for Precision Engineering, Vol.72, No.3, pp.295-299 (2006) 
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